Background: Pain induction is the primary characteristic of a rotator cuff tear while muscle weakness appears as a secondary feature, leading to further disability. Objectives: The study aimed to determine the effectiveness of physiotherapeutic interventions through transcutaneous electrical nerve stimulation (TENS) or microcurrent electrical nerve stimulation (MENS) in conjunction with kinesiotherapy in patients with partial thickness rotator cuff tear. Methods: This was a blinded randomized prospective study. The study recruited 42 outpatients with partial rotator cuff tear under conservative treatment selected from the 401 General Military Hospital of Athens and the University General Hospital 'Attikon' during 2015 -2017. Patients were assessed for pain and disability using the SPADI (shoulder pain and disability index), a numerical rating scale (NRS) for pain, and the EuroQoL-5 questionnaire for the evaluation of the quality of life. The first group received TENS and kinesiotherapy while the second group received MENS and kinesiotherapy. Three measurements were recorded. The first assessment was performed during the initial patient visit; the second after completion of the physiotherapeutic sessions, and the third one three months after the initial assessment. A follow-up ultrasound scan was performed three months after the completion of the therapeutic sessions to assess the anatomical healing of the rotator cuff tear. Results: Repeated measurements analysis indicated a significant improvement in pain scores, functionality, and patients' quality of life (P value < 0.001). Comparison of the two treatment methods did not reveal any significant differences (P value > 0.05) despite the fact that the MENS was associated with a greater improvement in pain intensity and TENS with a greater improvement in functionality and quality of life. Conclusions: Using MENS and TENS appears to be equally effective in terms of pain relief, functional improvement, and quality of life enhancement in patients.
Background
Non-pharmacological treatments such as transcutaneous electrical nerve stimulation (TENS) and microcurrent electrical nerve stimulation (MENS) have been used to treat and manage muscle pain and dysfunction. TENS has appeared in many surveys compared to laser, ultrasound, hot pack, etc. while MENS is a new electrotherapy method that its efficacy has not been validated compared to TENS in patients with rotator cuff tears.
The rotator cuff (RC) assists in shoulder joint mobility and dynamic stabilization (1) . The primary characteristic of a rotator cuff tear is pain induction while muscle weakness appears as a secondary feature (2, 3), leading to further reduction in mobility and functionality of the shoulder and arm (2, 3). Conservative treatment often works (2, 4) but in cases where the tear has expanded and functional problems are intense, a surgical procedure may be required (2, 4). Physiotherapy is normally the first line of management for shoulder pain (3) . It involves a wide range of interventions and is highly recommended (5) . Specifically, it helps reduce the pain and muscle spasm, maintain the tract in the joint, and prevent or eliminate functional difficulties (6) . Physiotherapeutic interventions include the use of kinesiotherapy, electrotherapy (such as TENS and MENS), ultrasound, pulsed electromagnetic field therapy, and shock waves (3, 6) . This is while, specifically in the rotator cuff, it is preferred to use transcutaneous electrical nerve stimulation (TENS) and kinesiotherapy (7) .
Both TENS and MENS have been used to treat and manage pain and dysfunction. While TENS, in accordance with the theory of Gate control, acts inhibitory on the paincarrying Ab fibers, MENS action seems to be related to the maintenance of homeostasis of intracellular Ca ++ of damaging tissues so as not to stimulate the afferent nerves fibers.
Objectives
The aim of this study was to determine the effectiveness of physiotherapeutic interventions using TENS and MENS combined with kinesiotherapy in patients with partial-thickness rotator cuff tear.
Methods
This is a double-blind randomized trial. The sample consisted of patients suffering from shoulder pain because of partial-thickness rotator cuff tear, confirmed with MRI and ultrasound scanning. Patients taking part in the study had not received any recent pharmacotherapy with nonsteroidal anti-inflammatory drugs "NSAIDs" during the last month, nor had they had surgery in the shoulder area at any time, while the referral orthopedic had suggested physiotherapy. The total number of patients who were given information was 51 from whom; four patients were excluded (three for not meeting the eligibility criteria and one for refusing to participate). We used equal randomization such as 1:1 for the two groups based on the order of entry to the study. The allocation was made by an independent research assistant. Therapeutic interventions were implemented by the same physiotherapist. All data from patients' examinations were recorded by an independent physiotherapist who was blinded to the study. From among 47 patients enrolled, we had five drop-outs, three from the MENS group and two from the TENS group. Finally, the data of 42 patients were analyzed (Figure 1) .
The patients were recruited from the 401 General Military Hospital of Athens (Department of Physical Therapy) and the University General Hospital 'Attikon' (Pain Unit of the second Department of Anesthesiology) during 2015 -2017. All patients provided written informed consent for the study. The study protocol received approval from the bioethics committees of both hospitals and followed the principles of the Declaration of Helsinki. Patients with open wounds or skin diseases in the shoulder area, pregnant women, patients with any type of neoplastic disease, patients with pacemakers or serious cardiovascular diseases including arrhythmia, and patients with collagen diseases or history of shoulder surgery were excluded from the study.
Procedure
Pain and disability were assessed in patients through clinical evaluations, completion of pain and disability questionnaires, and an additional ultrasound scan after the completion of the therapeutic protocol. Three measurements were taken as follows: the first assessment was performed during the initial patient visit, the second after the completion of the physiotherapeutic sessions, and the third one three months after the initial assessment. All data from patients' examinations were recorded by an independent physiotherapist who was blinded to the study through one-to-one interviews. As a follow-up, an ultrasound scan was performed three months after the completion of the therapeutic sessions in order to assess the anatomical healing of the rotator cuff tear. The classification of the results was done according to Ellman (8) .
The diagnostic tools used to assess pain, disability, and quality of life of patients were as follows:
• The SPADI questionnaire: it is a self-administered tool aiming at assessing shoulder ache and disability (9, 10) . It has 13 items focusing on two particular areas; five items evaluate pain and the remaining eight items estimate patients' injury (9, 10).
• The numerical rating scale (NRS) for pain: with up to 10 points (10), it assesses the intensity of pain at all timepoints.
• The EuroQoL (EQ-5D) questionnaire: it was used to collect data relevant to the patients' health conditions (11) . This questionnaire consists of two parts: the first one examines movement, self-care, ordinary activities, ache/irritation, and stress/unhappiness (11) whilst the second part is based on a visual analog scale from zero to 100 on which patients determine their own perception of their current health condition. The scale starts from zero representing the worst health status and ends to 100 denoting a perfect health status (11) . All questionnaires were translated and validated in the Greek language (9, 11) . 
Therapeutic Intervention
Patients were divided into two equal groups using randomization via an electronic database. The first group received TENS and kinesiotherapy while the second group received MENS and kinesiotherapy.
TENS was applied in 15 sessions (five per week) for each patient by placing four electrodes on either side of the deltoid muscle on the front and back surfaces of the shoulder joint (12) for 20 min (13) . A constant current of high frequency (100 Hz) was used with an intensity initiated at 10 mA that was gradually increased to 15 mA (1).
MENS was applied by placing six electrodes (size 4 × 4 cm), of which four were placed exactly like the TENS electrodes; of the other two electrodes, one was placed in the palm and the other at the height of the asteroid ganglion.
The duration of the intervention was 24 min for a total of 15 sessions. The frequency was 50 Hz and the intensity was for the continuation of the exercises at home (15) such as 15 repetitions twice per day.
Statistical Analysis
A priori power analysis was performed aiming to estimate the sample of patients required for establishing a statistically significant difference (16) . The parameters applied included: (A) an alpha level of 0.05 for the appropriate statistical test for repeated measurements analysis for all scales (17, 18) ; (B) a statistical power of > 80%; (C) the effect size determined as small (f = 0.2) for the evaluation of the repeated measurements due to the short duration between the measurements, and moderate (f = 0.4) for the evaluation of differences between the two electrotherapy methods in order to reduce the probability of differences due to a chance (19) . For the calculation of the required number of participants, we used GPower 3.0.10 software run based on the above-mentioned parameters. The calculations showed that by using 42 patients in total, we could be assured of an 80% power for all the assessments performed. Statistical analysis and the appropriate parametric tests were carried out using software IBM SPSS Statistics V. 20 for Windows (SPSS Inc. Chicago, IL, USA).
The independent student t-test and Mann Whitney-U test were used to compare the two groups before starting the treatment. We examined the effect of the therapeutic intervention using both methods of electrotherapy (MENS and TENS) on pain intensity (NRS Now, NRS last week, SPADI pain), disability (SPADI disability), and quality of life (EQ-5D: Health today) with repeated measurements analysis of variance (ANOVA) between the primary assessment (baseline), after physiotherapy sessions (four weeks later), and after the completion of the therapeutic intervention (three months after the initial assessment). In addition, multiple pairwise comparison tests were performed to determine if there is a statistically significant difference between time points in terms of pain, disability, and EQ-5D scores. To examine the differences between the two methods of electrotherapy, F-between-subjects tests were carried out for all the mentioned variables. Data are presented as means and standard deviation (SD). The statistical significance was set at P < 0.05.
Results
A total number of 42 patients took part in the study. There was no significant difference in demographic characteristics between the two groups (P > 0.05). The patients' characteristics are presented in Table 1 . The results of independent t-test and Mann Whitney test revealed no significant difference between the groups in terms of pain, disability, and quality of life (P > 0.05) at baseline (Figure 2 ).
The repeated measurements ANOVA for total patients and for both therapeutic modalities showed statistically significant differences between the mean values of all variables examined (P < 0.05). Specifically, a statistically significant reduction was revealed in pain intensity (NRS now, NRS last week, SPADI pain) and disability score (SPADI disability), with a concomitant increase in the quality of life (EQ-5: Health today), in both groups (Figures 3 and 4) .
The results of multiple-comparison per pairs at all time-points showed that this significant difference appears to be due to the large differences between the first and the last measurements, as well as between the postphysiotherapy measurements and the end of intervention in all scales. Table 2 shows the mean differences between time points for all scales and all patients. With regard to the depth of the ultrasonic rupture, the results of the paired-samples test showed that the difference in the depth of the decrease from the initial examination to the end of the therapeutic intervention was statistically significant for both groups (P < 0.001).
The results of the between-subjects tests showed that pain, disability, and patients' quality of life were not statistically different between the two different methods (P > 0.05). Figure 5 shows the mean total change in all the scales for the two different electrotherapy methods. It appears that in the MENS group, there was a greater improvement in pain scores (NRS Now, NRS last week, SPADI Pain) while in the TENS group, there was a greater improvement in functionality (SPADI Disability) and quality of life (EQ-5: Health today). However, these differences were not statistically significant for any variable (P > 0.05).
Discussion
The evaluation of the effectiveness of physiotherapy as a non-pharmacological treatment of patients with shoulder diseases with a high risk for adverse effects of NSAIDs or steroid injections (20, 21) revealed a 54% improvement, concluding that in the presence of a lesion at the RC, physiotherapy should precede a surgery (8, 21) and it offers positive results similar to surgical repair in selected cases (14) .
This study revealed that physiotherapeutic intervention with both types of electrotherapy had excellent results in about 95% of the patients. The two methods of study were not different in terms of efficacy. The SPADI scores decreased by 32.46 points in the MENS group and 32.53 points in the TENS group, while the decreases in the NRS now scores were 3.09 and 2.67 points, respectively. There were only two patients who experienced pain and disability score reductions of less than 15 and 10 points, respectively. These results are consistent with the minimal clinically important difference (MCID) of 1.5 points on a 10- 2, 22). In the current study, all patients had a statistically significant reduction in pain intensity and an increase in functionality and quality of life.
Rotator cuff disease has a great effect on the execution of daily life activities (15) . These patients are often incapable of sleeping on the affected side and/or placing their Anesth Pain Med. 2019; 9(2):e88327. hand behind their head (14) . The most common symptom of these patients (in 99%) is a pain; therefore, in most cases, the key element of treatment (2) is to control the pain. However, symptoms once disappeared may return even after successful conservative treatment (2).
Most patients with partial rupture involving rotator cuff bursal surface are not satisfied with the conservative management results (21) , a fact that is in contrast to the results of our study, where the majority of patients, according to Ellman (8) classification, had a positive feeling about physiotherapy. In a similar study, gradual growth in size was found, with just a minor 18% -49% enlargement of more than 5 mm in two years of examination (14) . The results from the ultrasound scanning in our study are alike 6 Anesth Pain Med. 2019; 9(2):e88327. 23.00 Figure 5 . Mean total differences in pain intensity (NRS 0 -10), SPADI score, and EQ-5D in patients receiving MENS or TENS and revealed that the depth of the tear increased by about 0.209 mm after three months. Although a strong association seems to exist between symptom appearance and tear size expansion (2), we observed that despite the tear growth, patients showed significant pain relief.
Edwards et al. (14) noted that 28% of patients had symptomatic tears in the non-dominant shoulder and 36% of them suffered bilateral tears. Similarly, in our sample, only 7% of the patients had a partial rupture in the nondominant shoulder while bilateral tears were present in 28.6% of the cases. Moreover, shoulder movement was associated with age and gender in patients with symptomatic, atraumatic rotator cuff tears. The tear size and asperity were irrelevant to shoulder movement due to that the patients evolved compensative kinematics and became stronger, leading to symptom prevention or reduction (14) . In previous research, age did not influence the goodness and excellence of results while the occupational factor was more significant (21) . The sample of that study consisted of 16 patients (38%) aged < 45 years and 26 (62%) aged > 45 years, similarly to other studies (23, 24) in which participants aged 45-64-years-old. Moreover, 88% of the participants were working mainly with their hands (scientific staff, doctors, nurses, etc.).
Electrotherapy modalities are physical therapy variations aiming at reducing painful symptoms (2). A previous study revealed that TENS arguably relieved the pain shortly after treatment compared to placebo (2). In addition, a meta-analysis by DeSantana et al. (25) investigating the effectiveness of electrical nerve stimulation for chronic musculoskeletal pain pooled the data from 32 studies on TENS (high frequency, low frequency, variable frequency, and acupuncture-point) and six on percutaneous electrical nerve stimulation, revealing a significant decrease in pain (25, 26) .
Similarly, MENS therapy has been used to treat and manage muscle pain and dysfunction (27) . It is a new approach being able to positively influence patients through delivering monophasic or biphasic pulsed microamperage currents (27) . A recent study demonstrated that patients receiving MENS as frequently as three times a week for one and a half month showed unquestionably lower overall pain and better functional status after six weeks than those receiving placebo (2). Although the findings suggest that the short-term application of MENS may play a partial role in enhancing physical activities, it can improve the function of some muscles (27, 28) . To our knowledge, our study is the first to compare these two methods of electrotherapy (MENS vs. TENS) in patients with partial rotator cuff tear. Our results clearly showed improvements by both methods, with MENS leading to greater improvement in pain and TENS leading to greater improvement in functionality and quality of life although without a statistical significance. The additional use of kinesiotherapy also improved the results. Generally, exercises in the treatment of shoulder ruptures (29) can play the role of a catalyst for improving the quality of life and relieving pain, particularly in the age group of > 75 years. For this reason, kinesiotherapy sessions must be included in all conservative methods of rotator cuff rupture management.
During the 15 sessions, patients were trained by an independent physiotherapist to perform daily exercises. They were provided with brochures to check what exercises they were doing and where they were having difficulties. Unfortunately, beyond the testimony of the participants, the researchers did not have a way to find out if they kept the guides. But everybody brought his/her brochure filled every week. Since the effects of electrotherapy do not last more than three months, if they did not continue the exercises, the results of the study would change if a new measurement was made six months or one year after the onset of the treatment regimen.
The small sample size limited the study as it focused on patients who had only partial rotator cuff tears with no accompanying problems in their shoulder.
Conclusions
Considering the drawbacks of surgical rehabilitation, including the long duration, absenteeism, and high costs, efforts are now underway to assess the effectiveness of conservative therapy (30) . The physiotherapeutic intervention proposed in this study involving the use of two different methods of electrotherapy combined with kinesiotherapy appears to be very effective in terms of pain relief, functional improvement, and quality of life promotion in patients with rotator cuff tear. Despite that MENS was associated with greater improvement in pain and TENS with greater improvement in functionality and quality of life, the results indicated no significant difference between the two modalities.
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